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Macrofouling community structure in Kanayama Bay, Kii Peninsula (Japan) 
T.V. RAVEENDRAN 1> and EIJI HARADA 
Seta Marine Biological Laboratory, Shirahama, Wakayama 649-2211, Japan 
Abstract An investigation on the macrofouling community in Kanayama Bay, Kii Penin-
sula, Japan was undertaken from June 1994 to May 1995 by exposing fiber reinforced plastic 
(FRP) panels at subsurface and bottom (2.2 m) depths. The composition and abundance of 
fouling organisms were monitored at monthly intervals. Fortnightly variations in hydrogra-
phic parameters were also noted simultaneously. The fouling community at this bay was a 
complex assemblage of bryozoans, ascidians, polychaetes and barnacles comprising more 
than 40 species. The faunal elements exhibited distinct seasonal trends in abundance closely 
associated with fluctuations in temperature, i.e. maximum abundance was recorded in 
summer and the reverse in winter. Greater faunal abundance was generally observed on the 
subsurface panels. Significant depth wise variation in abundance seems to be the result of 
predation, competition and the effect of residents on recruits. Succession in the community 
was divided into three stages by dendrogram analysis. First stage was characterized by 
polychaetes (Protohydroides elegans and Dexiospira foraminosa) on panels from both 
depths. The encrusting bryozoan, W atersipora subtorquata dominated on the subsurface 
panels and a mixed dominance of W. subtorquata, barnacles, P. elegans and the ascidian, 
Polyclinum constellatum, on bottom panels in second stage. Third stage was characterized 
by a mixed dominance of W. subtorquata, Bugula neritina (an erect bryozoan) and P. 
constellatum at the subsurface and B. neritina at bottom depths. 
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Introduction 
89 
The term macrofouling is commonly applied to the recruitment and growth of sessile organisms 
on man-made structures in the marine environment. Macrofouling, due to its extensive economic 
impact, has received considerable attention during the past several decades (see WHOI, 1952; 
Costlow and Tipper, 1984). Fouling community structure depends on environmental and biologi-
cal interactions comprising competition and predation (Kawahara, 1965; Sutherland, 1974; Osman, 
1977; Russ, 1980, 1982; Nandakumar, 1995; Anil et a/; 1990 a, b). It often undergoes sequential 
structural change, i.e. succession (Sutherland, 1974; Sutherland and Karlson, 1977; Osman, 1977; 
Field, 1982; Greene et al., 1983; Okamura, 1986; Hirata, 1991; Underwood and Anderson, 1994; 
Zvyaintsev and Ivin, 1995). The present study was intended to elucidate the fouling community 
structure in Kanayama Bay, Kii Peninsula, Japan. An attempt was also made to find out whether 
the community undergoes succession during the developmental process. 
Materials and methods 
The following four seasons are recognized here as: summer (June to August), autumn (Septem-
ber to November), winter (December to February) and spring (March to May). We considered 
recruits to be all sessile organisms that settled and survived on the panel long enough to be observed 
(Keough and Downes, 1982). 
1> Address for Correspondence: National Institute of Oceanography, Dr. Salim Ali Road, P.B.No-1616, 
Kochi-682014, India. 
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Study site 
The study site is located in Kanayama Bay on the Pacific coast (33. 4l'N; l3Y 21' E), where 
the local fisheries department places rafts with cages for culturing fish. Being a semi-enclosed bay, 
it is well protected from heavy swells and waves. The maximum depth near the raft is ~2.5 m and 
the maximum depth at the center of the bay is ~6 m during the lowest low tide. 
Experimental design 
Artificial substrates are commonly employed in biofouling studies as it is easy for handling and 
observation in the lab, can provide information regarding the period and rate of recruitment and 
can be conveniently retrieved and replaced at desired depths to follow community progression and 
succession. We used Fiber Reinforced Plastic (FRP) panels because of its industrial as well as 
marine applications. FRP panels measuring 20 x 20 em were submerged vertically at subsurface and 
bottom (2.2 m) depths by securing back-to-hack in pairs on FRP bar each of 75 x 4 x 1.5 em. A 
single bar was holding a maximum of six panels at a time. These bars were suspended from the 
raft using nylon ropes. Lead weights of~ 2.5 kg were suspended at the end of the ropes to reduce 
the movement of the bars. A set of 48 panels (2 depths X 2 replicates X 12 months), representing 
long-term panels, was submerged in June 1994 to follow the development of the community for l 
year (Fig. 1). The short-term panels (i.e. of l, 2, and 3 months duration), in duplicates, were 
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Fig. I. Panel exposure pattern. 
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submerged at the subsurface and bottom depths, sequentially every month starting from July 1994 
to March 1995 to study the effect of period of initiation on settlement. 
Observation and measurement 
On retrieval, the panels were brought back to the laboratory and kept in running seawater until 
observation and measurement. The percentage cover of colonial forms and numerical abundance 
of solitary forms occupying the central 15 x 15 em area of the panels were recorded. Percentage 
cover was measured using I 0 x I 0 grids of 225 cm2 area so that each grid represents I% cover. Since 
the canopy cover was measured in the case of the arborescent bryozoan, Bugu/a neritina, more than 
100% cover was possible on some of the panels. For the numerical abundance of solitary forms, 
total count was taken whenever possible. However, during the periods of intense recruitment, 5 
grids of 16 cm2 area (one in the center and four at each corner of the central 225 cm2 area) were 
counted and their mean value was converted into abundance per m2 • The basal diameter of 
barnacles and Dexiospira foraminosa and tube length of Protohydriodes elegans were noted. In the 
case of barnacles, only total count was taken due to the practical difficulties in identification to 
species level on short-term panels. However, individual species were noted for their presence on 
all panels. 
Hydrographic parameters such as water temperature and salinity were monitored at fortnightly 
intervals. 
Data analysis 
To distinguish successive stages of community development, the samples were subjected to 
cluster analysis using Horn's coefficient of similarity (Horn, 1966), based on Shannon-Wiener 
information theory and the group average method. The mean percentage cover of sessile inverte-
brates on the central area of the long-term panels was used for this analysis. 
Results 
Analysis of the hydrographic data revealed the prevalence of typical marine conditions at this 
station (Fig. 2). Temperature showed wide fluctuations, ranging from 14.6oC (February 1995) to 
30.2oC (September 1994). Salinity was above 33 during the major part of the study period. Drop 
in salinity during July-August is due to precipitation. 
Composition of fouling organisms 
The faunal elements of the macrofouling community are presented in Table 1. Bryozoans, 
ascidians, barnacles and polychaetes were the major contributors to the fouling community. The 
encrusting bryozoan, W atersipora subtorquata, was the most important and dominant species in 
terms of its occurrence and coverage on the panels. Recruitment of this species occurred almost 
round the year (Table 1). It occupied more than 60% area on 3-monthly panels initiated in 
September as well as on long-term panels exposed for June-January and June-April period at 
subsurface (Figs. 3, 4). The erect bryozoan, Bugu/a neritina was another important fouling species 
observed at this station. Recruitment of this species was generally absent during the summer (June-
July) months, but abundant recruitment occurred during the autumn season. Canopy coverage of 
63 ± 17% at subsurface and 45 ± 5% at bottom on 3-monthly panels initiated in October was notable 
(Fig. 3). A maximum coverage of 88 ± 12% was recorded on June- February panels (Fig. 4). 
Rhynchozoon sp. showed very poor cover with a maximum of 8± 1% on a long-term panel (June-
March) at bottom depth (Figs. 3, 4). 
Ascidians showed very poor area cover on short-term panels during the entire study period. 
The maximum recorded for Didemnum moseleyi was 11 ± 2% on a 2-monthly panel and for 
Dip/osoma mitsukurii was 16± 14% on a 3-monthly panel, both initiated in September (Fig. 5). 
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Polyclinum constellatum and Aplidium yamazii were generally absent on short-term panels but 
were recorded on long-term panels. Polyclinum conste/latum showed its appearance immediately 
after October. Maximum cover recorded was 24±4% on June-February panels exposed at subsur-
face (Fig. 4). Aplidium yamazii was observed only on long-term panels that were still in the field 
after March. Maximum cover recorded was 33 ±26% on June-March subsurface panels. 
Polychaetes were observed round the year with peak recruitment observed in summer {Fig. 6). 
Among them, Protohydroides elegans and Dexiospira foraminosa were important. Barnacles, in 
general, showed very poor representation on the panels. Only notable recruitment occurred on 2 
and 3-monthly panels during spring at bottom depth (Fig. 6) and was dominated by Balanus 
trigon us. Barnacles were completely absent during the winter season. 
Community development 
Colonization curve 
The colonization of sessile invertebrates proceeded rapidly after submergence of the panels 
(Fig. 7). There was a significant increase in the number of species during the first 7 months at 
subsurface (p<0.05) and 8 months at bottom (p<O.OOl). Thereafter, non-significant variation 
prevailed at both depths (p > 0.05). 
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orifera 
Sycon sp. 
Grantia sp. 
Clathrina mutsu 
Callyspongia murex 
Acervochalina sp. 
Haliclona sp. 
Coelenterata 
Eudendrium capillare 
Ciytia sp. 
Obelia dichotoma 
Polychaeta 
Protohydroides elegans 
Pomatofeios kraussli 
Hydroides exaltata 
Filograna implexa 
Dexiospira foraminosa 
Bryozoa 
Zoobotryon pellucidum 
Membranipora serrilamelfata 
Bugula neritina 
Bugula stolonifera 
Trice/laria occidentalis 
Rhynchozoon sp. 
Watersipora subtorquata 
Hippothoa divaricata 
Petralia japonica 
Bivalvia 
Musculus japonica 
Hormomia mutabilis 
Pinctada fucata 
Crassostrea gigas 
Crassostrea nipponica 
Dendostrea folium 
Dendostrea rosacea 
Cirripedia 
Balanus trigonus 
Balanus amphitrite 
Balanus improvisus 
Megabalanus volcano 
Ascidia 
Policfinum constellatum 
Aplidium yamazii 
Didemnum mose/eyi 
Diplosoma mitsukurii 
Llssocfinum sp. 
Botrylloides simodensis 
Stye/a canopus 
Heramama sp. 
Table I. Occurrence of taxa on I, 2, 3-monthly and cumulative panels submersed during June 1994 to May 1995. 
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Fig. 5. Percentage cover of ascidians (mean±se, n=2) on 1,2 and 3-monthly panels. 
Progression in community development 
The succession sequence of colonization by sessile invertebrates is illustrated in the dendro-
gram (Fig. 8). Where in three major clusters can be distinguished at a similarity level of 0.50. The 
clusters were generally following the time sequence. The separation of sub-clusters based on the 
depth of the panels is notable. 
In the following section, 3 major clusters were identified as representing the 3 successive stages 
of development. The features of these stages are summarized in Table 2. First stage was 
characterized by the dominance of P. e/egans and D. foraminosa during summer and the second 
stage by W. subtorquata after 4-5 months submersion, i.e. from early autumn, at subsurface (Figs. 
4, 8; Table 2, sub-cluster 2a). Simultaneously, settlement of colonies of B. neritina also occurred. 
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The third stage was characterized by a mixed dominance of bryozoans and ascidians during late 
autumn through winter (Figs. 4, 8; Table 2). In the initial phase of this stage (Fig. 8; Table 2, sub-
cluster 3a), W. subtorquata continued to maintain its dominance on the panels. Simultaneously, P. 
constel/atum appeared on the panel. It was followed by the appearance of A. yamazii during spring 
(Figs 4, 8; Table 2, sub-cluster 3b). 
The bottom panels also showed an almost similar trend of succession during the first stage of 
community development thereby, clustering with the subsurface panels. However, the formation of 
separate sub-clusters by bottom panels in the second and third stages indicates a certain degree of 
dissimilarity from those of subsurface panels. Thus, unlike the complete dominance of W. 
subtorquata on subsurface panels during the second stage, a mixed dominance of W. subtorquata, 
barnacles, P. elegans and P. constellatum was observed on bottom panels (Figs. 4, 8; Table 2, sub-
MACROFOULING COMMUNITY STRUCTURE 99 
Table 2. Successional stages derived from the dendrogram shown in Fig. 10. The degree of domination 
is ranked by the relative abundance of species. The species are arranged in their order of dominance in 
each cluster. 
Stages 
I. 
Ila. 
lib. 
Ilia. 
Illb. 
Illc. 
Dominant species 
Protohydroides elegans 
Dexiospira foraminosa 
W atersipora subtorquata 
Rhynchozoon sp. 
Barnacles 
W atersipora subtorquata 
Hippothoa divaricata 
Didemnum moseleyi 
Diplosoma mitsukurii 
Polyclinum constellatum 
W atersipora subtorquata 
Barnacles 
Protohydroides elegans 
Polyclinum constellatum 
Oysters 
W atersipora subtorquata 
Bugula neritina 
Polyclinum constellatum 
Diplosoma mitsukurii 
Aplidium yamazii 
W atersipora subtorquata 
Aplidium yamazii 
Bugula neritina 
Polyclinum constellatum 
Botrylloides simodensis 
Bugula neritina 
W atersipora subtorquata 
Rhynchozoon sp. 
Didemnum moseleyi 
Polyclinum constelletum 
Relative abundance 
(% cover) 
49 
35 
9 
4 
2 
80 
7 
5 
3 
2 
32 
23 
14 
13 
6 
59 
18 
15 
5 
3 
38 
21 
20 
15 
3 
62 
18 
5 
5 
4 
cluster 2b). Similarly, in the third stage, the bottom panels were dominated by B. neritina. The 
clustering of II and 12-monthly bottom panels with subsurface panels was mainly due to a greater 
cover of W. subtorquata and the presence of A. yamazii (Fig. 4). 
Discussion 
The macrofouling community in Kanayama Bay is rich and diverse, comprising more than 40 
species from 7 major taxa. W atersipora subtorquata dominated on the panels due to their faster 
growth-rate. Bugula neritina needs only a relatively small basal area for attachment because of its 
arborescent growth form, and therefore, could easily invade and persist in established communities. 
Polyclinum constellatum appeared immediately after the recruitment of B. neritina. Aplidium 
yamazii was a latecomer at this station. Dexiospira foraminosa never formed an important member 
of the fouling community during later successional stages of community development due to their 
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small size and high susceptibility to overgrowth by other fouling organisms. Barnacles (B. 
trigonus) were generally abundant on bottom panels, but were absent in winter as reported by Anil 
et a/. (l990a, b). 
The major faunal elements seem to be common along the coasts of Japan. For example, W. 
subtorquata and D. mitsukurii have been reported from the fouling community in Nabeta and 
Tomioka Bays, B. neritina from Tomioka and Matoya Bays; B. trigonus from Nabeta, Tomioka and 
Matoya Bays and from Lake Hamana, B. amphitrite in all these bays, except Nabeta Bay and D. 
foraminosa common in all these sites (Kawahara, 1965; Hirata, 1987; Anil et a/; 1990a, b; 
Nandakumar, 1995). However, a precise comparison of individual species abundance is impossible 
due to the difference in substratum choice (Anderson and Underwood, 1994). 
The species richness of an island community (which is equivalent to artificial substrata) 
depends on the immigration of new species and extinction of existing ones (MacArthur and Wilson, 
1967). In the present site, the colonization curve attained its peak within 7 to 8 months after 
submersion of the panels due to rapid recruitment as the panels were submerged in the beginning 
of summer. Osman (1975) made similar observations off temperate Massachusetts. The curve 
exhibited a declining tendency because the peak colonization period was immediately followed by 
the winter season. At the same time, the existing colonies of W. subtorquata and P. constellatum, 
which can withstand low winter temperatures, enhanced their dominance and continued to occupy 
space and overgrow other species. Thus, the increased dominance by resident species inhibited 
potential invasion of competitively inferior species during spring when larval recruitment was 
taking place as evidenced from the short-term panels. Sutherland and Karlson (1973, 1977) also 
have suggested that certain temperate species inhibit subsequent colonization. Thus, lack of 
immigration coupled with increased extinction leads to a decrease in species richness. The recovery 
in the curve in the end was the result of decline in the cover by bryozoans and ascidians, thereby 
creating open space for new recruits. According to Sutherland and Karlson (1977), North Carolina 
fouling-plates require more than a year to reach their equilibria! species numbers. At the same 
time, fouling panel studies conducted in Massachusetts by Osman (1977) and in Nabeta Bay, Japan, 
by Hirata (1991) suggest that one-year is a sufficient interval for approaching the equilibrium. 
Whether the term "succession" (Odum, 1969) can be applied to a marine fouling community 
is a subject of controversy (Drury and Nisbet, 1973; Horn, 1974; Connell and Slatyer, 1977). 
Succession is defined here as "the changes in the occurrence and relative abundance of different 
species over time, regardless of the underlying mechanisms which brought about these changes" 
(Foster, 1975; Underwood and Adnerson, 1994). In this sense, the fouling community in Kanayama 
Bay seems to undergo succession as evidenced from the dendrogram analysis. First stage, on 
subsurface panels, was characterized by initial colonizers such as P. elegans and D. foraminosa. 
These species were easily overgrown by the encrusting bryozoan, W. subtorquata. The continued 
presence of D. foraminosa in the community (Table I) can be attributed to its regular recruitment 
(Hirata, 1987) and requirement of minimum space for attachment due to their small size. The P. 
elegans can overcome overgrowth by simply extending their tubes (accretion) in such a way that 
their feeding ends are always kept clear of an overgrowing species (Osman, 1977). Abundant 
growth of W. subtorquata was the characteristic of the second stage. The colonies of W. subtor-
quata rarely overgrew each other, but exhibited intraspecific competition and extended their growth 
by attaching the basal portion of the adjacent colonies each other showing flower petallike growth. 
In the initial phase of third stage, P. constellatum began to grow in between W. subtorquata under 
the canopy cover of B. neritina. Subsequently, B. neritina cover declined so exposing the ascidians 
to predation by Ostracion immaculatus. Polyclinum constellatum is highly susceptible to predation 
by 0. immaculatus, a trunk fish that was commonly observed at the present site (Raveendran and 
Harada, 1996). The effect of predation by fish on fouling communities has also been reported by 
Sutherland (1974) and Russ, (1980). Polyclinum constellatum, because of its massive growth form, 
often was observed loosely attached on the panels creating the possibility for "slough-off''. Similar 
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"slough-offs" in fouling communities have been reported by Boyd (1972); Sutherland and Karlson 
(1977). Thus, the decrease in abundance of P. constellatum may have resulted from the combined 
effects of "slough-oft" and predation. With the appearance of A. yamazii towards the end of the 
third stage, a mixed bryozoan-ascidian community was observed on the panels after one year of 
submersion. 
The community on bottom panels also followed similar trends in succession in the first stage 
as on subsurface panels. During the second stage and initial phase of third stage both sets of panels 
had similar species composition, but with different relative abundance. Ultimately they converged 
to produce almost identical communities. This indicates that the panels at both depths had a similar 
potential for community development. The observed differences may have been due to a greater 
predation pressure at bottom depth, as mentioned elsewhere. 
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